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As a kind of new material with large ratio of surface to bulk atom number, 
nanosized particles are paid more and more attention in many fields including 
catalysis. Because of its high surface energy, nanosized particles are easier to 
agglomerate, which restricts the application. Though nanosized catalysts are 
reported largely, they are few used in oxidative dehydrogenation of ethane to 
ethylene (ODHE) reaction. In this work, we research the preparation methods of 
nanosized NiO catalysts and their effect factors. Then we dope some oxide into 
it and investigate how does the doped oxide effect the structure and ODHE 
behavior. 
The results show that the morphology and the size of nanosized NiO 
prepared with different methods are variant. Therein NiO prepared by sol-gel 
method has larger surface area and well-distribution. Compared with large-sized 
NiO, its property is better. There is intimate connection between particle size 
and its physical and chemical property: With the dimension of nanosized NiO 
getting smaller, it is easier to be reduced and has better adsorption oxygen 
property, so it has higher activity and exhibits better ODHE behavior. NiO 
catalyst doped zirconia or titanic oxide prepared by “co-coordination method” 
are nanoscale. Their real component is close to theoretical value. The doped 
zirconia or titanic oxide dispersed into NiO well and the surface area are large. 
The nanosized Zr- and Ti- doped NiO catalysts have similar performance. 
the nickel ions are partially substituted for the titanium/zirconium ions in the 
lattice, therefore there is relative stronger interaction between TiO2/ZrO2 and 
NiO, thus the catalysts are more difficult to be reduced. In the meantime, the 
adsorption of oxygen species get less, so there is better ethylene selectivity and 
yield at 350℃～450℃ over Zr(Ti)-Ni-O catalysts. In addition, the doped ZrO2 
and TiO2 has isolation effect to NiO active site, and the oxy ion in bulk catalyst 
are easier to be transferred to surface, which both lead Zr(Ti)-Ni-O catalysts 
have better ethane cleavage resistance. 
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1 μm）。其中，纳米科学技术（Nano-ST）是在 20 世纪 80 年代末期诞生并
正兴起[1]。 
“纳米（nanometer）”是一个长度单位，为 10-9 m，用符号表示为 nm。
纳米科技就是研究由尺寸在 0.1～100 nm 之间的物质组成的体系的运动规
律和相互作用以及可能实际应用中的技术问题的一门科学技术。通常把尺





























增加。如图 1.1 所示，粒径为 5 nm 的球状纳米粒子表面原子占总数的 40 %；







表 1.1 纳米微粒特殊物理性质的物种举例 
Table 1.1 The examples of special physical property 
特殊性质 物种举例 现     象 参考文献 




力学性质 8 nm的 Fe多晶体 其断裂强度比常规 Fe 的高 12 倍 23 
电学性质 18 nm 的 Ag 粒子 室温以下电阻温度系数 α由正变负 24 
热学性质 纳米非晶 Si3N4 
烧结温度由常规氮化硅的2273 K下























图 1.1 粒子大小与表面原子数的关系（N：原子总数；P%：表面原子百分比） 





























表 1.2 常用的纳米微粒的制备方法 
Table 1.2 The main methods of preparation nanoparticles 























































































































通过管式炉高温（> 900 ℃）蒸汽裂解[46]： 
C2H6 = C2H4 + H2 





















C2H6 + 1/2O2 = C2H4 + H2O 














金属、碱土金属氧化物催化剂；3. 稀土基氧化物催化剂；4. 其他催化剂。 
（1）过渡金属基氧化物催化剂 
部分过渡金属基氧化物催化剂的 ODHE 反应性能评价结果如表 1.3 所
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